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SUMMARY
1. One of the most important factors in soil analysis is the 
determination of humus. The term “ humus” as now quite 
generally used refers to that part of the soil organic matter 
which can be extracted by dilute alkalies after the calcium 
and magnesium salts have been removed by leaching with 
hydrochloric acid. Very recently a number of organic bodies 
have been isolated and identified, thus disproving the idea 
that all the complex organic compounds in plants and animals 
break down in the soil to form a few simple ones. Humus is 
variable in composition and the final solution of the problem 
lies in the isolation and identification of definite organic com­
pounds, supplemented by laboratory work with plants.
2. The work which is reported in this bulletin was under­
taken to provide a suitable method by which the routine humus 
determinations of the station could be made more satisfac­
torily than by any one of the existing methods.
3. The Centrifuge Method is compared with the Official 
Method as modified by Frear and by Mooers and Hampton.
4. The high speed centrifuge removes clay very satisfac­
torily and in a short time.
5. The Official Method as modified by Frear requires too 
much time for filtration, and the Mooers-Hampton modification 
requires a still greater amount of time to complete the evap­
orations.
6. The method of extracting humus by means of the rotary 
mechanical shaker is more efficient than the method of shak­
ing by hand. A number of tests show that the amount of 
humus extracted by the two methods is practically the same 
while the time required by the former method is much less.
7. The time required to make a humus determination by 
the Centrifuge Method is approximately one-third that re­
quired by the Official Method.
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A CENTRIFUGAL METHOD 
FOR THE DETERMINATION OF HUMUS
A . A . W e l l s  W . H .  Stevenson W . F .  Coover*
IN TRO D U C TIO N .
It was early recognized that one of the most important fac­
tors in soil analysis was the determination of humus. The 
analytical determination of the organic constituents present in 
soils and subsoils which should rightly be termed humus is a 
most difficult problem and one with which but little progress 
was made until recently.
The term humus as it is now quite generally used by chem­
ists has a somewhat restricted meaning, referring only to 
that part of the organic matter which is extracted by treat­
ment of a soil with dilute alkalies after the calcium and mag­
nesium salts have been removed by dilute hydrochloric acid. 
Other meanings** have been given this term in soil literature.
As pointed out by Shorey and Lathrop*** the idea which is 
quite generally prevalent at the present time is that the large 
number of organic compounds from many sources are changed 
in the process of decomposition in the soil to a few compounds 
of somewhat similar chemical character. This was also the 
idea under which the early investigators labored. Mulderf 
was of the opinion that a considerable portion of the organic 
constituents of soils was composed of a few bodies of definite 
chemical composition to which he assigned the following for­
mula: ulmic acid, C40H28O42; humic acid, C40H24O12; geic acid, 
C40H24014; apocrenic acid, C48H240 24; and crenic acid, 
C24H24016. Other investigators during this same time gave other 
formulas to these compounds which were supposed to be of 
definite chemical composition. Cameron and Breazeleff 
point out that the existence of these acids has never been 
demonstrated, and Wiley! states “ that the real composition of 
humus is a matter which has never been definitely determined. 
Composed as it is of many different but closely related sub­
stances it has been difficult to isolate and determine them.”
‘Associate Professor of Chemistry, Iowa State College.
“ Schreiner &  Shorey, Bulletin 53, page 14, Bureau of Soils.
• “ Journal American Chemical Society, Volume 33, page 75.
tThe Chemistry of Vegetable and Animal Physiology, translated by Fromberg, page 150 et seq. 
■ftBulletin 30, Bureau of Soils, page 39.
{Principles and Practice of Agricultural Analysis Volume 1, page 52.
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Snyder* outlines an experiment in which he produced arti­
ficial humus from materials of radically different composi­
tion. The artificial humus was extracted by means of a 3 per 
cent solution of potassium hydroxide, precipitated with hydro­
chloric acid, and prepared for analysis. The variation in car­
bon content was 15.89 per cent; in hydrogen content 3.78 per 
cent; in nitrogen content 10.88 per cent; and in oxygen con­
tent 12.93 per cent. Cameron and Breazeale** found the per­
centage of carbon in humus to vary from 33.30 to 50.09 per 
cent. This serves to emphasize the fact that humus is variable 
in composition. This was evident to the extent that Wileyt 
suggests that it would probably be best in the present state of 
our knowledge of humus to make a division on the basis of 
the nitrogen content.
During the last twenty or twenty-five years a number of 
investigators have been attempting to classify the organic con­
stituents of soils in a general way. Schreiner and Shoreytt 
have taken a most important step in advance in the isolation 
of a number of definite chemical substances. They have suc­
ceeded in isolating twenty compounds in which there are rep­
resented nine classes of organic bodies. They stated that 
“ when consideration is given the fact that there are many indi­
cations of the presence of compounds of other classes where 
as yet there has been no compound isolated, the conclusion is 
warranted that the types of compounds in the soil organic 
matter are quite as varied as in plants or animals. ’ ’ The com­
pletion of this important work pf isolating definite compounds 
from the soil organic matter, when supplemented by laboratory 
work with plants, will solve the problem of what should rightly 
be termed humus.
S T A T E M E N T  OF P R O B LEM .
The work of this bulletin was begun several years ago with 
two objects in view. The one was to select from existing 
methods, if possible, a satisfactory method for the determin­
ation of humus for use at the Iowa, station. The' other was to 
develop a new method, should no selection seem advisable after 
a thorough trial of existing methods.
In the routine work of the station, the use of the Official 
Method had been abandoned because it was found that closely 
agreeing results could not always be obtained, and because of
‘Journal American Chemical Society, Volume 19, pages 738-744. 
“ Journal American Chemical Society, Volume 26, page 43.
{Principles and Practice of Agricultural Analysis, Volume 1, page 57. 
{{Bulletins 53 and 74, Bureau of Soils.
{Bulletin 74, page 45, Bureau of Soils.
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the fact that the loss on ignition is not due entirely to humus. 
Frear* gives an example of a soil in which the loss on ignition 
in the determination of humus by the Official Method was due 
largely to the water of crystallization and constitution from 
the hydrated minerals. Cameron and Breazeale** point out 
the practical impossibility of getting rid of the clay, and give 
results in which the humus content of the subsoil was greater 
than that of the soil as determined. Peter and Averitt*** rec­
ognizing the fact stated above, proposed a modification of the 
Official Method in which a correction factor of 10 per cent of 
the ash is employed. This leaves the method still inaccurate 
on account of the varying amounts of ash obtained and on 
account of its variability in composition.
The work, from the standpoint of the first object of this 
bulletin, led us to compare two of the existing methods for 
humus determinations which seemed most likely, in preliminary 
trial, to give reliable results. A third method had been tried 
and rejected before this part of the work was undertaken. 
The use of the Pasteur filter as suggested by Frearf and later 
used by Cameron and Breazealeff was experimented with by 
Schaubfff at this station. With his permission we state that 
the results were considered much too low, practically agreeing 
with those obtained by Cameron and Breazeale in the article 
mentioned and with those of Mooers and Hampton.:}: A modi­
fication of the method as suggested by Alway, Files and Pinck­
ney if  was not undertaken.
The first method tried at the beginning of this work was 
a modification of the Official Method in which the S & S hard­
ened filter No. 605 was used as suggested by F rear.m  There 
are two objections to the use of the hardened filter. In the 
first place the time required for filtering 65 or 70cc. of liquid 
varies from four to eight hours, and in the second place the 
absorption of a small amount of humus by the filter is evident. 
Discarding as much as the first 15cc. of filtrate does not pre­
vent further loss. Precautions must also be taken to prevent 
evaporation, such as covering the funnels with watch glasses 
and placing loose cotton plugs in the necks of the receiving 
flasks. The ash content of the filtrate was low, but usually
•Bulletin 69, page 40.
••Journal American Chemical Society, Volume 26, page 34. 
•••Kentucky Bulletin 126, page 63. 
tBureau of Chemistry Bulletin 69, page 40. 
ttJournal American Chemical Society, Volume 26, page 34. 
tttExtension Department, State Agricultural College, N. C. 
¿Journal American Chemical Society, Volume 30, page 805. 
t¿Nebraska Bulletin 115, page 20. 
iiìB ulletin  69, page 40, Bureau of Chemistry.
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about 25 per cent higher than the corresponding results ob­
tained when using the Mooers-Hampton modification.
The second method experimented with was the Mooers- 
Hampton modification of the Official Method* Closely agree­
ing results were easily obtained and the ash content was low. 
The length of time required to make a determination is the 
only serious objection. This becomes a very important factor 
when the humus content of several hundred soils must be 
determined each year.
The methods which are of the most value in analytical work 
are those which possess, to the greatest degree, the three im­
portant factors; ease of manipulation, rapidity of execution, 
and accuracy. The extraction of humus as outlined in the 
Official Method requires a great amount of time and consider­
able attention during the period of shaking the cylinders or 
flasks. It was found by experiment that the time required 
for extraction could be greatly reduced by employing a revolv­
ing shaker. Three hours was sufficient to extract all the 
humus. This was determined by checking both methods on 
the same soils, using the Mooers-Hampton modification for de­
termining the humus.
As previously stated, the main objection to the Mooers- 
Hampton modification of the Official Method was the time re­
quired to complete a determination. With the purpose in 
view of removing the fine clay particles quickly and com­
pletely the centrifuge was tried. It was found at once that a 
special machine would have to be obtained. By using a cream 
separator which had been modified somewhat in construction 
the ash content of the filtrate was much less than that obtained 
when using the Babcock tester. The machine shown on page 
377 was then tried. All the clay which could be removed by 
it was found to have precipitated on the sides of the bowl in 
less than ten minutes. The amount of ash obtained is low, 
being on the average slightly higher than when employing 
the Mooers-Hampton modification of the Official Method, and 
lower than when using the S & S hardened filter No. 605. 
Closely agreeing results are easily obtained and the amount of 
work which one person can do is greatly increased.
E X P E R IM E N T A L  M ETH O DS.
PREPARATION OF THE SAMPLE.
In humus determinations, as in all analytical work, taking 
the sample and preparing it are of great importance. The
•Tennessee Bulletin 78.
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samples are brought in from the field either in tightly covered 
tin cans or in sealed fruit jars, then placed in enameled milk 
pans and allowed to air dry for several days, at a temperature 
of about 25° C.
Each sample is then ground in a ball mill (see Fig. 4) for 
two or three hours, the length of time depending upon the 
type of soil. A heavy clay soil must be ground longer than 
a sandy loam in order to reduce it to the desired degree of 
fineness. The coarser particles are then sifted out and ground 
in a porcelain mortar until the entire sample can' be passed 
through a .5 mm. sieve. It is then placed in a large bottle 
which is fastened to the belt wheel of the mill, and thoroughly 
mixed while another sample is being ground. It is now trans­
ferred to a Mason fruit jar and sealed by screwing the cap 
down firmly on the rubber ring, thus keeping the moisture 
content uniform throughout the test. As a further precaution 
it is advisable to pour the contents of the jar out on a rubber 
mixing cloth and thoroughly mix it by lifting opposite corners 
of the cloth and rolling the soil over a number of times before 
taking the sample. This will insure uniformity in getting 
the sample for analysis.
PREPARATION OF THE ASBESTOS PAD.
In preparing the asbestos pad in the Gooch filter it is best to 
have the fiber well beaten. This may be done by taking a 
small quantity and beating it with the edge of a spatula; by 
picking it to pieces with small tweezers, discarding all coarse 
particles, or by placing it in a mortar, covering with distilled 
water and macerating it with a rubber tipped pestle. The 
fiber is then heated to a high temperature, either over a blast 
lamp or in a muffle, boiled with dilute alkali, then with dilute 
acid, and washed thoroughly with hot distilled water. It is 
then transferred to a large flask, shaken with about two litres 
of distilled water, allowed to stand a few minutes until the 
coarser particles have settled and the supernatant liquid care­
fully decanted. This process is repeated a number of times, 
until all the finer particles have been removed. The fiber 
should then be suspended in water and kept in a stoppered flask 
until needed. Pour some of the suspended fiber into the Gooch, 
which has previously been attached to the suction, until a 
pad, approximately a quarter of an inch thick, is formed. The 
suction is now turned on full force until the asbestos is com­
pacted. This is necessary to keep the soil from being drawn 
into the fiber during washing, thus stopping the filter.
LEACHING AND WASHING.
After the calcium has been leached out of the soil with a
7
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1 per cent hydrochloric acid solution, great care must be taken 
in removing the acid with distilled water. As long as there is 
any acid present, no difficulty will arise, hut as soon as the 
acid is all washed out, some of the humus will be dissolved. 
This is shown by the presence of coloring matter in the filtrate. 
It is evident, therefore, that washing must be stopped before 
this point is reached, else losses in humus will occur.
FILTERING.
In all of the methods for making humus determination which 
have been reported up to date, two kinds of filters have been 
used: paper filters and the Pasteur porcelain filter cell. Both 
of these have been tried at this station. The main difficulty 
with the filter method is due to the fact that when a filter is 
fine enough to hold back the small clay particles, some of the 
humus is held back also. This is very noticeable, especially in 
the Pasteur filter cells, as used by Cameron. The best results 
were obtained by using the S & S folded filter No. 605. Al­
though the filtrate appears to be clear, yet on evaporation to 
dryness and burning in the muffle some residue will be seen 
on the bottom and sides of the dish, showing that all of the 
clay has not been removed. However, the small amount of clay 
which is present does not hold enough hygroscopic water to 
materially change the results.
In the Mooers-Hampton modification of the Official Method, 
difficulty is experienced in preventing loss of humus when the 
clay is filtered off in a flocculated state, although this loss 
may be so small in some cases as to be almost a negligible 
factor. When the various operations of this method are re­
peated four or five times, however, the aggregate loss of humus 
is considerable, and every effort must be made to keep this 
loss at a minimum. A blank must also be run on the ammonia 
solution to determine whether there are any impurities which 
will be driven off in the muffle, but not in the oven at 110 de­
grees C. A measured amount of solution should be used in 
each determination, and a correction made if any is needed. 
This also applies to all other methods using a 4 per cent am­
monia solution for the extraction of humus.
REMOVING CLAY WITHOUT FILTRATION.
As the filtration method referred to above did not give sat­
isfactory results, a method for removing the clay by means of 
a centrifuge was devised. Three different machines were 
tried before the high speed centrifuge now in use was secured. 
The first machine had a speed of 1200 revolutions per minute, 
and although a sample was run for twelve hours consecutively
8
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the solution did not become clear within that period of time. 
The second machine had a speed of 1800 revolutions per min­
ute. Although a clear solution could not be obtained with it, 
this machine was more efficient than the one first used. The 
third had several speeds ranging from 1800 revolutions per 
minute to 3500 revolutions per minute. Each of the three ma­
chines had a wheel diameter of 14 inches. It was difficult 
to obtain glass tubes which were strong enough to stand the 
pressure at the higher speeds. This was finally accomplished, 
however, by mounting tubes in paraffine in un outer casing of 
tin. By running a sample for two hours at a speed of 3000 
revolutions per minute, a solution was obtained which con­
tained no more clay than the sample which had been passed 
through a hardened paper filter.
A DESCRIPTION OF THE CENTRIFUGE NOW IN USE.
Since centrifugal force increases as the square of the speed 
and directly as the diameter of the wheel, a diligent search 
was made for a machine having a wheel of smaller diameter 
and a higher speed than those in our laboratory. Finally, such 
a machine was procured from A. G-allenkamp and Company, 
21 Sun Street, London. Owing to the solvent action of am­
monia on ordinary metals, this machine was somewhat modi­
fied. The top of the drum was threaded so that it could be 
screwed off. This made it possible to place a lining cup in 
the drum. "When this centrifuge was secured it was fitted with 
a glass cup or bowl in which the solution was to be placed. 
This type of bowl, however, was not satisfactory, because too 
easily broken. Therefore the glass bowl was replaced with one 
made of platinum. The entire drum was sent to a chemical 
supply house and the platinum bowl was shaped to fit the 
drum. The cost of the centrifuge was about $40, and of the 
platinum cup $100.*
Figure 1 shows the machine as it appears ready for use. It 
is very strongly built so that it may be run at a speed of 20,000 
revolutions per minute—55 turns of the handle. The base is 
15 inches high. All of the high speed bearings are furnished 
with self-feeding oil cups. The drive whedl is 15 inches in 
diameter. The heavy brass drum (Fig. 2) is 4% inches in diam­
eter, 2y 2 inches deep, and has a total capacity of about 400cc. 
The tube for drawing off the clear solution dips into the bowl 
and ends in a semi-circular bend, which is approximately 1% 
inches in diameter and stands at right angles to the vertical
*The price of the cup, of course, will fluctuate with the price of platinum.
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Fig. i .  The Gallenkamp Centrifuge Mounted on a Concrete Base;
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H
Fig. 2.
Drum of the Centrifuge.
Edge of the Platinum Lining.
The Worm Gear.
The Point on Which it Revolves When atiFull Speed.
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Cut Showing Arrangement for Drawing the Clear Solution out of the Centrifuge Bowl.
(1) Semi-cicular bend in the glass tube.
(2) Wooden pin to which the glass tube is fastened by means of the platinum wires 3 and 1. 
(5> Thumb-screw by which the glass tube is moved in drawing off the solution.
fig- 3
379
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tube (Fig. 3). As made at the factory this tube is of brass. 
It must be replaced by a similar one made of glass, otherwise 
a part of the humus will be precipitated. The following rec­
ommendations with reference to the use of a glass tube in 
place of the one made of brass are suggested: (1) The curve at 
the bottom of the tube should be made about one-half an inch 
smaller in diameter than that of the brass tube in order to 
reduce the strain while drawing off the liquid. (2) Instead 
of fastening the glass tube directly in the sliding block, a 
wooden pin about 6 inches long is used, and the glass tube is 
fastened to this by means of platinum wire. Copper wire can 
not be used, for a very small quantity of metallic copper will 
precipitate some humus.
Before the centrifuge is started, the end of the tube should 
be in the center of the drum. While the machine is still at 
full speed, by simply turning the thumb screw (Fig. 3, No. 5) 
the tube is moved to one side and a portion of the clear liquid 
is forced out of the bowl. Fresh charges may be poured into 
the bowl by means of a funnel, while the machine is still in 
motion. In order that the machine might be kept perfectly 
level it was placed upon a concrete block of the form of a four­
sided pyramid. The height of this block is 30 inches; the base 
is 18 inches square, and the top 12 inches square. The bolts 
which fasten the machine to the block have eye ends and are 
12 inches long. They are fixed in pieces of 1-inch gas pipe and 
are fastened in the form in their proper positions before the 
concrete is put in, the form being filled from the bottom. _ The 
object of using the gas pipe is to allow the rods to be shiftej^ 
a fraction of an inch, without disturbing the concrete, if this 
is necessary in setting the machine. A layer of leather, ap­
proximately a quarter of an inch thick, is placed between the 
block and the machine to take up some of the vibration.
THE SHAKER.
After the soil is leached and washed, it is transferred with a 
4 per cent ammonia solution to a bottle and the bottle is then 
placed in the revolving shaker. The shaker is run at a speed of 
about 50 revolutions per minute for from two to three hours. 
This shaker can be obtained from any supply house. It keeps 
the entire contents of the bottle m constant motion and thus 
not only saves time but is really more efficient than the longer 
and more tedious method of shaking by hand. (Fig. 4.)
In order to test the time required for complete extraction 
with this shaker, a sample of Marshall loam was prepared,
13
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placed in the machine and the hnmns determined by the 
Mooers-Hampton modification. The results are as follows:
Extracted in shaker one hour, Humus 4.24 per cent.
Extracted in shaker two hours, Humus 4.46 per cent.
Extracted in shaker three hours, Humus 4.50 per cent.
Extracted in shaker four hours, Humus 4.48 per cent.
Extracted in shaker five hours, Humus 4.40 per cent.
The data show that for ordinary soils from two to three 
hours are sufficient to extract all the humus. Humus deter­
minations were made with many other samples and in each 
case the extraction was found to be complete in three hours.
T H E  C E N T R IF U G A L  METHOD.*
In the following paragraphs the Centrifugal Method is des­
cribed in detail. Ten grams of soil are weighed into a Gooch** 
crucible which has a carefully prepared asbestos mat, about 
one-eighth of an inch thick. The crucible is then placed on a 
suction flask and the soil is leached out with a one per cent so­
lution of hydrochloric acid until no test for calcium is given. 
The suction is turned on only slightly, otherwise the wet soil 
will be compacted in the bottom of the crucible, thus retarding 
washing. When no further test for calcium is given, the soil 
is washed free of chlorides with hot distilled water.
After washing free from chlorides, the soil is transferred to 
a one liter shaking bottle with 500 cc. of a 4 per cent ammonia 
solution! using a glass rod to loosen the soil. A little practice 
will teach the easiest manipulation. The flask is then stop­
pered with a rubber stopper, placed in the shaking apparatus, 
and shaken at the rate of 50 revolutions per minute for three 
hours.
At the end of this time, the bottles are removed and the con­
tents allowed to settle for ten minutes. A longer time can 
do no harm. About 350 cc. of the solution are then decanted 
through’ a funnel into the centrifuge howl, the top clamped in 
place, and the solution whirled for ten minutes. By means of 
the thumb screw, a part of the solution is drawn off through 
the glass tube while the machine is still at full speed. The 
first 10 cc. are discarded and then about 70 cc. of the solution 
are collected. This amount is readily caught in a small beaker,
*We wish to acknowledge here the valuable assistance of Professor I . O. Schaub, not only for proposing 
the use of a centrifuge in separating clay from humus solutions, but also for the preliminary work 
he did with the centrifuge while a t this station.
*‘Should the soil be very fine in texture, it is best to weigh it into an Erlenmeyer flask, then treat with 
hydrochloric acid. After each addition of acid the soil should be allowed to settle and the liquid 
decanted through the Gooch. After washing care must be taken to drain all the water cut of 
both the Erlenmeyer and the Gooch, otherwise an error will result.
•fA blank should be run on the ammonia solution to determine the amount of carbonates and other 
salts which remain after being dried at 110 C, and which are driven off in the muffle, and correc­
tions made.
14
Bulletin, Vol. 10 [1910], No. 124, Art. 1
http://lib.dr.iastate.edu/bulletin/vol10/iss124/1
382
Fig 4 .
Ball mill for grinding samples.
Large bottle attached to belt wheel for mixing ground sample. 
Rotary shaker for extracting humus solution.
One-half horse power motor.
Jack, to reduce the speed. •
i
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which should be covered at once with a cover glass, to prevent 
loss by evaporation.
Fifty cubic centimeters of the solution, which represents one 
gram of soil, is drawn off with a pipette, placed in a weighed 
porcelain dish and evaporated to dryness on a steam bath. The 
dish is then dried to constant weight in an oven at 110° C., and 
the weight recorded. The contents of the dish are then ignited 
in a muffle furnace and weighed again after cooling to room 
temperature. The loss in weight upon ignition represents the 
weight of the humus, and the increase of the last weighing 
over the empty dish represents the weight of the ash.
In order to determine the amount of ash remaining after the 
separation of the clay by means of the centrifuge the following 
determinations were made, using nine samples of soil.
Soil Type of Time of Running Ash
No. Soil. Centrifuge. Per 6ent.
101 Loam ......... . 10 min.........................1.11
102 uoam ............. ..........10 m in..*................. ' o
103 Loam ................... .10 m in............. .........‘
104 Silt Loam ................ 10 min..................   1.41
105 Silt Loam . . . . ----- ..10 min................... ....1 .38
106 Silt Loam .................. 10 m i n . . . . . . . ............ «or
107 Clay L oam .................10 min.., .-. ........... .. . .2.25
108 Clay Loam ................10 min........................... .^31
109 Clay Loam .......... . . .10 m in ................ . . . . .2.17
The great advantage of the centrifuge method lies in the 
saving of time. By the Official Method twenty determinations 
(ten soils run in duplicate) would require a week’s time; 
while with the centrifugal method sixty determinations (thirty 
soils in duplicate) can be run in the same length of time. The 
Mooers-Hampton Modification of the Official Method requires 
still more time.
In the following table is given the humus content of sixteox 
samples of soil. The determinations were made in part by tlV 
three methods referred to above. The data in this table show 
that as a rule the Centrifugal Method gives slightly higher re­
sults than the Mooers-Hampton modification. The Official 
Method, using the S & S filter, is more variable. This can be 
accounted for by the variation in the filters used. The high 
results obtained by the Centrifugal Method can be accounted 
for in two ways: the prevention of losses during filtration, and 
a gain due to a higher average ash content. As previously 
stated the average percentage of ash when using the Centrifu­
gal Method is somewhat higher than when using the Mooers- 
Hampton modification. This would have a tendency to in­
crease the amount of humus as determined.
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Sample Type 
No.
Percent Humus obtained by the 
Official Method Mooers-Hamp. 
of Soil. using S. & S. Modification 
Filter No. 605. of Off. Method.
1
2
3
5
6 
S
34
35
36
39
40
41
42
43
44
45
46
47
Marshall
Marshall
Marshall
Marshall
Marshall
Marshall
Marshall
Marshall
Marshall
Marshall
Marshall
Marshall
Marshall
Marshall
Marshall
Marshall
Marshall
Marshall
Centrifugal
Method.
Silt Loaim 
Clay Loam 
Clay Loam 
Loam 
Loam 
Loam 
Loam 
Loam 
Loam 
Loam 
Loam 
Loam 
Loam 
Sandy Loam 
Sandy Loarm 
Sandy Loam 
Sandy Loam 
Sandy Loam
4.29
3.90
4.38
3.51
3.14 
2.78 
3.09
3.24 
2.62
3.25
3.15
4.90
4.26
4.14 
3.52 
3.57
3.02 
2.65* 
3.25 
2.73
3.14 
3.28
3.02 
2.63* 
2.83* 
2.96* 
3.02* 
3.04* 
2.44*
4.79
4.29
4.24
3.65
3.64
3.22
3.22 
3.28 
2.92 
3.17
3.43
3.22 
3.19
3.43 
3.48 
3.62 
3.52 
2.86
C L E A N IN G  T H E  C E N T R IF U G E  BOW L.
Owing to the fact that the clay is deposited against the walls 
of the centrifuge bowl with great force, it is rather difficult 
to remove it, especially since the circular opening is too small 
to allow a brush to be used. The following method of cleaning 
the bowl has proven very efficient. A piece of glass tubing 
about 6 inches long is bent in the form of a hook and is slightly 
drawn out at the end. This tube is connected to the water 
tap by means of a rubber tubing. The drum is then removed 
from the machine and is held in the hand over a sink, in a 
nearly horizontal position. The water is turned on until a 
tream is obtained which has considerable force. The hook 
placed in the bowl pointing upwards. The drum is now re­
vived slowly and in a very short time all the clay is removed, 
he excess of water is shaken out and the bowl wiped dry with 
a towel. It is then replaced in the machine and is ready for 
further use.
Laboratory conditions were not favorable for carrying on 
studies which would furnish additional data regarding the time 
required for complete extraction by the mechanical shaker and 
the amount of ash secured by the three methods for humus 
determinations which are the basis of the work of this bulletin.
Investigations along these lines will be undertaken as soon 
as possible.
In washing the clay after evaporating on the water bath, the residue appeared free from humus and 
consequently was not boiled with ammonia. These results are low. I t  is therefore necessary 
to boil this residue each time in order to be sure all the humus is extracted.
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